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1 
This invention relates to new chëiZïicaI cbm- 
pounds. In one aspect tlii invenïoï relaies o 
the production of chemical cOmpoCd. 
We have discoveïed a process for making new 
and useful chemical compounds having especial 5 
utility in various organic syntheses, especially in 
the polymerization fleld wherein tliey serve as 
important intermediaçes in the- manufacture of 
resinous polymers having numerous applications 
An object of this invention is fo provide new 10 
and useful chemical compounds. 
Another object is to provide method for pre- 
paring new and tiSeful Organic compounds hav- HC=C--C=CH 
ing especial utilization as-interme«iates in or- x  x  x 
ganic syntheses. 15 
Further objects and advantages will be ap- 
parent, to one skilled in the art, from the ac- 
companying disclosure and discussion. 
We have discovefed a new class of chemical 
compounds having ghe. ïollowing structural for- 
mula: 
X: 
x:Xc / \ccmr 
\c / 
where ny is se!ecteïfl from  Vhe group consist- 
ing of hydrogen, methyl,, ethl, n-propyl, ipro- 
pyl,. n-butyl, i-btïtyl, methox& ethoxy, propoxy, 
and' butoxy, the-total  number of, carbOn atoms/ 
in' the preceding, combined X radicals being hOt 35 
greter than 12-, phenylmethyl phenylettiyl, 
phenylisopropy!, phenyl-npropyl; phenytisobu- 
tyl,, phenyl-n-butyl, phenyl, methylplïenyl, eth- 
ylphenyl, isopropylphenyl, n-propylphenyl» chlo- 
rophenyL bromophenyl; fluorophenyl; the total 40 
number of phenyl-containing, radicals, inthe pre- 
ceding combined X radica-ls, being hot greater 
than. 3 chlorine, fluorine and-bromine. These x / \c / \ii  
compounds are 1,2-bisiodomethyl)-cyclohex-- x / \ 
unes, and may be prepared ,irï . the series, o:f steps 45 
briefly described as-follows: (1) Condensation 
of butadiene or the derivative: thereof having the 
structural formula, 
x x x 50 
wheïe any X is selectëd'om the group Consist- 
ing of hydoged, methyl, ethyl, n-propyl, i-pro 
PL n-bttyl, iïbutyl;  etlxy; etlïoxy; propoxF,. 
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2 
ylphenyl, isopropylphenyl, n-propylphenyl, chlo- 
rophenyl, bromophenyL fluorophenyl, the total 
number of phenyl-containing radicals in the pre- 
cebig ombined  x:rdcl being not' greater 
n  'l ciïÏorihe', fifldrine äflff bf5mine-Wih 
mRlëic an-hdidë n,ï apprOpriaWsdièiit-sflCh 
as. benzénël 'a Prb.ude ti' corrësondi-ng tetfa- 
hydrdphtla, lïc anliydid; as iïlust]ated in t'he 
followiïig equtfo": 

and butoXy, theltotaÏ oEumberof Cl'bÖnat0ms in (4) Conversion of thediethyl ester product of 
the prededing combiïed X radtcals being: hot 55 step (3) fo the correslionding 1,2-bis-(hydroxy- 
greater than- 12, ptenytrfiethyL plnylethyl, methyl)-cyclohexane by catalytic reduction with 
phenylisopr0pI, pheri.yl-5nïpr0Pyl;-phenyIïsbb hydrogen in the presence-of a hydrogenation 
ty], phenYl:nbutyl, pheiil; mëthylptïe-nyl; eth «- catalyst such as, for examplë, nickel, or molyb- 
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S 
denum oxide as illustrated in the following equa- 

tion: 
H \c / H 0 
x_c / 
H-- --COC 
/c /  ; 

4H 
Ni 

X H 
H \C / H 
X_C / \C_/CH0H 
H-- (!--CH0H 
 \c i \H 

÷ 2C.+H0H 

4 
where any X is selected from the group con- 
sisting of hydrogen, methyl, ethyl, n-propyl, i- 
propyl, n-butyl, i-butyl, methoxy, ethoxy, propoxy, 
and butoxy, the total number of carbon atoms 
5 in the preceding combined X radicals being hot 
greater than 12, phenylraethyl, phenylethyl, 
phenylisopropyl, phenyl-n-propyl, phenylisobutyl, 
phenyl-n-butyl, phenyl, methylphenyl, ethyl- 
phenyl, isopropylphenyl, n-propylphenyl, chloro- 
10 phenyl, bromophenyl, fluorophenyl, the total 
number of phenyl-containing radicals in the 
preceding combined X radicals being not greater 
than 3, fluorine, chlorine and bromine. These 
new compounds are 1,2-dimethylenecyclohex- 
15 anes, and may be prepared in exact accordance 
with the 5-step procedure already described, 
plus an additional step (6) which is dehydro- 
halogenation of the 1,2-bls-(iodomethyl)-cyclo- 
hexane product of step (5) above, as illustrated 
20 by the following equation: 

or, if no X is halogen, conversion of the diethyl 
ester product of step (3) to the corresponding 
1,2-bis-(hydroxymethyl)-cyclohexane may be ef- 
fected by reduction with ethyl alcohol and so- 
dium, and in a final step (5) formation of a new 25 
1,2-bis-(iodomethyl)-cyclohexane compound, al- 
ready described, from the dihydroxy compound 
formed in step (4) by reaction with red phos- 
phorus and iodine, or phosphorus trflodide, as fl- 
lustrated in the following equatlon: 30 

÷2/3PI -----+ 

X H 
H \C / H 
xhc / 
[ ÷ 2/3P(0 H)3 
H--C C--CHai 
x / \c / \H 
/\ 
H X 

X H 
H \C / H 
xhc / 
H-- (!--CH0H 
X / \C / \H 

$5 

When in step (5), X is hydrogen, the new 
compound formed is 1,2-bis-(iodomethyl)-cyclo- 
hexane. This new compound is colorless when 
pure, but rnay be darkened by traces of decom- 
position products. Purification is effected by 
washing the colored impure product with dilute 
sodium hydroxide or thiosulfate solution until 
colorless, extracting.the product with ether, dry- 
ing the ether-containing product, removing the 
ether by evaporation and distilling the product 
from the ether-free mixture under reduced pres- 
sure. The product bas a boiling point of 139 
to 141 ° C., as measured at a pressure of 3 mm. 
of mercury. The density of the new compound 
as measured at 20 ° C. is 2.001. 
We have discovered another new class of 
chemical compounds having the following struc- 
rural formula: 
X H 
H \C / 
x_c / Ne=cE, 
X"ï C=CH 
\c / 
/ \x 

X H 
H \C / H 
xhc / \c/_cm 
\c / \H 
H / \x 

CHOH 
+ 2KOH 

X H 
H \C / 
X--C / \C=CH 
x /  

÷ 2KI ÷ 2H0 

40 When in step (6) X is hydrogen, the new com- 
pound is 1,2-dimethylenecyclohexane, which is 
a colorless liquid boiling at 48.8 to 49.4 ° C., as 
measured at a pressure of 55 mm. of mercury, 
has a refractive index of 1.4710 at 25 ° C., and 
a density at 25 ° C. of 0.8299. 
45 1,2-dimethylenecyclohexane has useful appli- 
cations in organic syntheses, and, being of the 
conjugated diolefin type, may be employed as 
a monomeric material in polymerization re- 
actions, either alone or with copolymerizable 
50 monomers. Materials with which 1,2-dimeth- 
ylenecyclohexane may be suitably copolymerized 
comprise other conjugated dienes, such as 1,3- 
butadiene, isoprene, piperylene, and the like, 
and various vinyl compounds such as styrene, 
55 alpha-methylstyrene, chlorostyrene, and other 
vinyl compounds which are known to undergo 
polymerization reactions with conjugated dienes. 
1,2-bis-(iodomethyl)-cyclohexane is of especial 
value as an intermediate in organic syntheses. 
{}0 As we have discovered, the 1,2-bis-(iodomethyl)- 
cyclohexanes, are important intermediates in the 
formation of the 1,2-dimethylenecyclohexanes of 
this invention which are especially suitable as 
interraediates in the manufacture of resinous 
5 polymers. 
While the 1,2-dimethylenecyclohexane com- 
pounds of out invention can be prepared from 
the corresponding 1,2-bis-(iodomethyl) -cyclo- 
hexane, as already described, we may employ 
70 other methods. For exaraple, we raay substitute 
Br or C1 for I in the 1,2-bis-(iodomethyl)-cyclo- 
hexane compound, and dehydrohalogenate, the 
halogenated product being obtained frora any 
desired source. By another method we may 
75 prepare the 1,2-dimethylenecyclohexane com- 



pounds of out invention by a series of reactions 
illustrated by the following equations: (7) re- 
acting butadiene with chlorine to form 1,4-di- 
chlorobutene-2 in accordance with the following 
eqution: 

H H 

(8) condensing an equivalent proportion of the 
butadiene compound, 

IIc=c--ccII 
x 

already described, with the 1,4-dichlorobutene-2 
formed in the preceding step, in accordance 
with the following equation: 
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within the range of 65 fo 15G ° C. as illustrated 
by the following Equation 11: 
X H X H 
x \c / H  \c / 
 + 2H0 
300--30  F. 
X--C --CH0H H--C CCH 
/ Xc/  x / X / X H 
lO H c 
x /  H / x 
By still anothe method we may prepare the 
1,2-dimethylenecyclohexane comds of o 
invention by conversion of the 1,2-bis-(droxy- 
15 methyl)-cyclohexane product of step (4) fo a 
corresponding diester ollowed by polysis of the 
diester product, as flltrated in the ïollowing 
equations wherein the acetate R first ïomed and 
then polyzed fo the desired producç of this 
20 vention, 
(12) x 
H I Ne / 
xc / xcco o 
25 +2OHO  90--1300 
C C--020 Of 

x H x / \c / 
(9) hydrogenation of the 1,2-bis-(chloromethyl) - 30 x 
cyclohexane product of step (8) to produce the  l X c /  o 
corresponding saturated compound in accord- xo/ \C/___C_o__c  
ance with the following equation: 
x a 6 - , ---o-o 
x 
H No/  x / 
Ne/  xc / 
/ x/ 
X-- I + H  H 
C--CHCI 
C /  X--C C--CHC1. 40 (13)X H 
Ne/  H Ne/ H o. 
X 3OO_5OO Q, 
and (10) dehydrohalogenation of the saturated 
çroduct of sçe (9) fo produce the correspond- 
ing 1,2-dimethylenecyclohexane compod in 
accordance with the foHowing equation: x / 
x H 
x  
xbc / e=e o 
x -cc 
No /  55 x 
x / x 
x H Among the butadienes having the structural 
H kc/ H formula: 
xc / cc 6o e=c-c=c 
 + 2KCI + 20 X 
x »=cH descr.ibed above, that may be employed in the 
Ne/ X preparation of the new, compods of o inven- 
x/  65 tion are butadiene, pipelene, isoprene, chloro- 
prene, bromoprene, fiuoroprene, 2,3-dethylbu- 
tadiene, 2-ethylbutadiene, d 2,3-diethylbuta- 
By a.nother method we may prepare the 1,2- diene; alkoxybutadienes such as 2-methoxybu- 
dimethylenecyclohexane compounds of o in- tadiene, and 2-ethoxybutaene; phenylbuta- 
vention from the 1,2-bR-(hydroxymethyl)-cyclo- 7o dienes such as 2-phenylbutadiene and 2,3-di- 
hexane product of step (4), by dehydration  phenylbudiene. Obvioly, any other substi- 
the presence of a stable dehydration catalyst tuted butadienes which will undergo condema- 
such as for eample, aluma, alum sfli- tion with m«leic aydride are within the scope 
cate, phosphoric acid on silica gel, silica- of out invention. 
alumina, and the like, usually ai. a temperate 75 Out invention is illtrated by. the followg 
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example. The reactants, their proportions, and 
other specific ingredients are presented as being 
typical and should not be construed to limit the 
invention unduly. 
Example I 
A reactor was charged with a benzene solution 
of butadiene, and maleic anhydride was added, 
the amounts being in the ratio of 1 mole buta- 
diene, 3 moles benzene, and 1.1 moles maleic an- 
hydride. The reactor was closed and the 
action allowed fo proceed ten hours af room tem- 
peratures pior fo being heated for 24 hours af 
50 ° C. to complete the reaction. Upon cooling 
the reactor contents, crystals of tetrahydro- 
phthalic unhydride separated and were removed 
by filtration. The ï-dtrate was dfluted with an 
equal quantity o£ petroleum ether and more 
crystals were obtained. The yield of tetrahydro- 
phthalic anhydride was substantially quantitative. 
Tetrahydrophthalic anhydride thus obtained 
was converted into hexahydrophthalic anhydride 
by reduction over a laney nickel catalyst. In 
order fo accomplish this reduction, a mixture 
comprising materials in the ratio of 1 mole of the 
anhydride, 7.5 moles ethyl acetate, and 25 ml. 
laney nickel catalyst sludge was contacted with 
1 mole hydrogen af room temperature. The ini- 
tial hydrogen pressm'e was about 45 pounds per 
square inch. Absorption of the hydrogen oc- 
curred as the mixture was agitated. When ab- 
sorption was complete the solution was ï-dtered 
free of catalyst and evaporated until a thick 
paste of hexahydrophthalic anhydride remained. 
The yield of hexahydrophthalie anhydride was 
substantially quantitative. 
The preparation of diethyl hexahydrophthalate 
îrom the hexahydrophthalic anhydride thus 
formed was effected by treatment of the 
hydride with anhydrous HC1 and alcohol. Ma- 
terials vere used in the folloving proportions: 
0.8 mole anhydrous HC1, 21 moles commercial ab- 
solute alcohol, and 1.38 moles hexahydrophthalic 
anhydride. The anhydride was added to the HC1- 
alcohol solution and the mixture refiuxed for fou 
hours. The alcohol was removed by distillation, 
5 parts of water was added, and neutralization 
was accomplished by the addition of sodium 
carbonate. The ester was extracted with ether 
and the extract dried over anhydrous sodium 
sulfate after vhich the ether was removed by 
distillation at atmospheric pressure. The diethyl 
ester, bofled af 134-136 ° C./ll mm., and was 
tained in a 72.1 per cent yield. 
Conversion of the diethyl hexahydrophthalate 
thus formed to 1,2-bis-(hydroxymethyl) cyclo- 
hexane was effected under completely anhydrous 
conditions by treatment of an ethyl alcohol solu- 
tion of the ester vith sodium. One mole of the 
ester was added fo 69 moles absolute alcohol and 
12 grain atoms sodium introduced as rapidly as 
possible. The reactor vas cooled as needed fo 
prevent the reaction from becoming too violent. 
Afte the reaction subsided, heat was applied to 
reflux the mixture until the last traces of sodium 
had disappeared. Subsequent to cooling, the 
action mixture was hydrolyzed by the addition 
of water, and the alcohol then removed by dis- 
tillation. The residue, vhich consisted of tvo 
layers, was diluted vith an additional quantity 
of water fo prevent crystallization of salts, satu- 
rated with sodium chloride to prevent formation 
of an emulsion, and extracted with ether. The 
ether extract was dried over anhydrous calcium 
sulfate and then removed by distiHation, The 

8 
1,2 - bis - (hydroxymethyl) cyclohexane product 
boiled af 145-146 ° C./5 mm., had a refractive in- 
dex nD25 of 1.4880, and a density at 25 ° C. of 1.041. 
A 60 per cent yield was obtained. 
5 1,2-bis- (iodomethyl) cyclohexane was prepared 
from the 1,2-bis-(hydroxymethyl) cyclohexane 
îormed in the preceding step by treatment, in 
benzene solution, vith iodine and red phosphorus. 
Benzene (5.2 moles) was charged fo a stirred 
]o actor and 0.76 gram atom of red ph0sphorus and 
2.32 grain atoms of iodine were added. A solu- 
tion of 1 mole 1,2-bis-(hydroxymethyl)cyclo- 
hexane in 2.6 moles benzene was introduced 
slowly and the mixture then refiuxed 24 hours. 
5 The mixture was cooled, filtered, washed with 
water, and then with a 5 per cent aqueous solu- 
tion of sodium hydroxide saturated vith salt, and 
finally again with water. The combined wash- 
ings were extracted with benzene and the wash- 
20 ing Procedure repeated as described above. The 
benzene extracts vere dried over anhydrous cal- 
cium chloride, the benzene removed by distilla- 
tion af 175 mm., and the diiodide distilled af 139- 
141 ° C./3 mm. A yield of 70.5 per cent was ob- 
25 tained. Further Purification of the material vas 
effected by washing with dilute sodium hydroxide 
solution, extracting with ether, drying over 
hydrous calcium sulfate, removing the ether by 
distillation and finally distilling the 1,2-bis- 
30 (iodomethyl)cyclohexane. The purified product 
was a colorless liquid having a density ai 20 ° C. 
of 2.001. Analysis of the compound gave the fol- 
lowing results: 

35 

A.1o____ . Calculated 
"'"' for CHI 
Per cent I ..................................... I 69.8 

Found 
71.4 

40 The impure material had a red color. 
1,2-dimethylenecyclohexane was procured from 
the 1,2-bis-(iOdolnethyl)cyclohexane in the fol- 
loving manner: A solution of 3 moles of 80 per 
cent pure potassium hydroxide in 12.4 moles 
5 methanol was charged to a stirred reactor and 
1 mole of the 1,2-bis-(iodomethyl)cyclohexane 
was added slowly, after vhich the mixture was 
refiuxed two hours. Sufficient water was added 
to dissolve the mass of salts formed during the 
50 reaction. The upper layer of crude diene vas 
separated, washed with water, dried over calcium 
chloride containing a small quantity of hydro- 
quinone, and distilled. The product, 1,2-di- 
methylenecyclohexane, boiled at 48.8-49.4 C./55 
55 mm., had a refractive index ND2» of 1.4710, and 
a density at 25 ° C. of 0.8229. A 70 per cent yield 
was obtained. Analysis of a sample of the ma- 
terial gave the following results: 

60 Analyses for CHI 
 Calculated Found 
Per cent C .......................... 888 
Percent H ....................... "-:- ......  11'2  88.911.2 
65 

The 1,2-dimethylenecyclohexane product was 
further characterized by its reaction vith maleic 
anhydride, and its structure was established 
through its oxidation to adipic acid. 
70 
Exampe II 
1,2-bis-(hydroxymethyl)-cyclohexane (1 mole) 
is mixed at room temperature vith acetyl chloride 
(2.25 moles) and the resulting mixture heated 
75 under reflux on a water bath for a period rang- 
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9 
ing from 5 to 30 minutes. The material is then 
distilled under reduced pressure. Acetic acid, hy- 
drogen chloride and unreacted acetyl chloride are 
removed as overhead distillation products and 
crude diacetate remains as kettle product, which 
is then distilled under vacuum to attain diacetate 
of desired purity. The diacetate product is then 
pyrolyzed by passing if through a tube heated to 
a temperature within the range of 300-500 ° C., 
and whtch is packed with an inert material such 
as asbestos, pumice, quartz, or silica tablets. The 
.gas eoEuent from the packed tube contains L2-di- 
methylenecyclohexane together with by-products 
of the reaction. The gas is passed through a suit- 
able condensing system, and the condensate is 
distilled under reduced pressure to provide the 
1,2-dimethylenecyclohexane product. 
As will be evident to those skilled in the art, 
various modifications of this invention can be 
marie, or followed, in the light of the foregoing 
disclosure and discussion, without departing from 
the spirit or scope of the disclosure or from the 
scope of the claires. 
Ve claim: 
1. A method for the production of lp2-di- 
methylenecyclohexane, which comprises the steps 
of condensing 1,3-butadienewith maleic anhydride 
fo produce tetrahydrophthalic anhydride, hydro- 
genating said tetrahydrophthalic anhydride to 
produce hexahydrophthalic anhydride, esterify- 
ing said hexahydrophthalic anhydride fo produce 
diethyl hexahydrophthalate, reacting said diethyl 
hexahydrophthalate with sodium in the presence 
of ethanol fo form 1,2-bis- (hydroxymethyl) -cyclo- 
hexane, reacting said 1,2-bis-(hydroxymethyl)- 
cyclohexane with iodine in the presence of phos- 

10 
phorus to produce 1,2-bis-(iodomethyl)-cyclo- 
hexane, and dehydrohalogenating said 1,2-bis- 
(iodomethyl)-cyclohexane fo produce 1,2-di- 
methylenecyclohexane. 
5 2. A method for the production of 1,2-di- 
methylenecyclohexane which comprises the steps 
of esterifying hexahydrophthalic anhydride fo 
form diethylhexahydrophthalate, reacting said 
diethylhexahydrophthalate in the presence of so- 
lO dium and ethaol fo form 1,2-bis(hydroxy- 
methyl)-cyclohexane, reacting said 1,2-bis(hy- 
droxymethyl)-cyclohexane with iodine in the 
presence of phosphorus fo produce 1,2-bis-(iodo- 
methyl)-cyclohexane, and dehydrohalogenating 
IÇ said 1,2-bis-(iodomethyl)-cyclohexane fo pro- 
duce 1,2 -dimethylenecyclohexane. 
3. The process of claim 2 in which at least part 
of the 1,2-bis-(iodomethyl)-cyclohexane is 
covered as a product of the process. 
20 JOHN E. WICKLATZ. 
JAMES N. SHORT. 
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